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Abstract
A first description of the etiology of trachoma was published in 1907. During expeditions to Java to
study the transmission of syphilis, Halberstaedter and von Prowazek infected orangutans with
conjunctival scrapings from trachoma patients and such agents in conjunctival smears. They called them
"chlamydozoa". J. Ritter in 1879 published the first case description of psittacosis, describing a
mini-epidemic in which three of seven patients died, and identified the source of infection, determined
the incubation period and the nontransmissibility of the disease from human to human. In 1895 the term
psittacosis was first applied. In 1893, Nocard isolated a Gram-negative bacterium from parrots dying of
psittacosis (Bacillus psittacosis). This organism was subsequently found in human or avian subjects and
was later diagnosed as Salmonella. The inconsistent bacteriological findings prompted a search for a
filterable virus during the pandemic of 1929-1930. Almost simultaneously, Levinthal (1930), Coles
(1930) and Lillie (1930) described small, filterable bodies in infectious material called
"Levinthal-Coles-Lillie (L.C.L.) bodies". Bedson first suggested the biphasic development cycle in 1932
after having studied tissues from inoculated mice. In 1935, Burnet and Rountree propagated "the virus"
on the chorioallantoic membrane of embryonated chicken.
SUMMARY
A first description of the etiology of trachoma was pub-
lished in 1907. During expeditions to Java to study the
transmission of syphilis, Halberstaedter and von Prowazek
infected orangutans with conjunctival scrapings from tra-
choma patients and such agents in conjunctival smears.
They called them “chlamydozoa”. J. Ritter in 1879 pub-
lished the first case description of psittacosis, describing a
mini-epidemic in which three of seven patients died, and
identified the source of infection, determined the incuba-
tion period and the nontransmissibility of the disease from
human to human. In 1895 the term psittacosis was first
applied. In 1893, Nocard isolated a Gram-negative bacteri-
um from parrots dying of psittacosis (Bacillus psittacosis).
This organism was subsequently found in human or avian
subjects and was later diagnosed as Salmonella. The
inconsistent bacteriological findings prompted a search for
a filterable virus during the pandemic of 1929–1930.
Almost simultaneously, Levinthal (1930), Coles (1930) and
Lillie (1930) described small, filterable bodies in infectious
material called “Levinthal-Coles-Lillie (L.C.L.) bodies”.
Bedson first suggested the biphasic development cycle in
1932 after having studied tissues from inoculated mice. In
1935, Burnet and Rountree propagated “the virus” on the
chorioallantoic membrane of embryonated chicken.
INTRODUCTION
Today Chlamydia is understood to be a Gram-negative
bacterium belonging to the genus Chlamydia or
Chlamydophila in the family of Chlamydiaceae together
with Parachlamydiaceae, Waddliaceae and Simkaniaceae
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in the order Chlamydiales, class and phylum Chlamydiae.
Chlamydiales are obligate intracellular infectious agents
in eukaryotic cells characterized by a unique develop-
mental replication cycle. Chlamydiales share more than
80% gene sequence identity for the 16S ribosomal RNA
(rRNA) and more than 80% identity for the 23S rRNA
gene (1). They replicate in vertebrate cells and amoebae.
Descriptions of diseases in animals and man now known
to be caused by Chlamydiales, such as trachoma, psitta-
cosis, spontaneous abortion, etc., were found even in
ancient Egyptian and Chinese documents. However, the
details of the etiology of these diseases have been eluci-
dated only during the last 100 years.
A NAME IS BORN
The year 2007 marked 100 years since an intracellular
bacterial genus was first named “Chlamydia” in a publi-
cation (2) of Ludwig Halberstaedter (1876–1949) and
Stanislaus von Prowazek (1875–1915) (Fig. 1). Both scien-
tists were members of an expedition to Batavia, Java
(a former Dutch colony) in 1905–1906. The purpose had
been to study the possible treatment of syphilis by
a newly synthesized organic arsenical compound
(arsphenamine) discovered by Sahachiro Hata
(1873–1938) in Paul Ehrlich’s (1854–1915) laboratory at
the Bayer company, and the transmission of syphilis
from apes to men, led by Albert Neisser (1855–1916), a
renowned dermatologist from the University of Breslau,
Poland (formerly Wrozlaw, Germany) (Fig. 2). Neisser
and Ehrlich were former classmates at the St. Maria
Magdalene school in Breslau (Wrozlaw). Later, in 1910
arsphenamine came to be marketed as Salvarsan®, a
drug that was eventually used to treat syphilis and try-
panosomiasis. It turned out to be the first modern
chemotherapeutic substance. The expedition was par-
tially sponsored by Hoechst, the manufacturer of
Salvarsan®, and was initiated by fact that Paul Ehrlich
and Albert Neisser had been classmates. 
During their stay in Java, Halberstaedter and von
Prowazek infected orangutans with conjunctival scrap-
ings of a trachoma patient and subsequently, granulo-
mas or trachoma knots developed in the orangutan con-
junctiva (Fig. 3). From the lesions, agents passed through
filters that retained bacteria and upon reinfection caused
similar lesions in other experimentally infected orang-
utans. Microscopic investigation of Giemsa-stained
smears of conjunctival scrapings revealed intracytoplas-
mic inclusions containing numerous small particles, later
recognized as elementary/reticulate bodies, the causal
agent of the disease. The particles were called
Chlamydozoa from the Greek word for mantle. Shortly
afterwards, Halberstaedter and von Prowazek (3) and
others (4, 5) described similar inclusions in conjunctival
cells of European babies with non-gonococcal “oph-
thalmia neonatorum” as well as in cervical epithelial cells
of some of their mothers and male patients with non-
gonococcal urethritis.
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Figure 1. Headline and figures from the first report on
Chlamydia by L. Halberstaedter and S. von Prowazek in 1907 (3). 
Figure 2. Scientists Stanislaus von Prowazek, Ludwig
Halberstaedter and Albert Neisser participating in the 1906-
1907 expedition to Java to study the transmission of syphilis.
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TRACHOMA
Trachoma is an ancient disease, described clearly in the
Ebers papyrus of 1500 BC, and was well known to the
ancient Greeks. The name comes from the Greek word
for rough, a reference to the characteristic appearance of
the subtarsal conjunctiva seen when the upper eyelid of
an individual with active disease is everted. From the
Middle East, which has been heavily infected since
ancient times, trachoma was spread across Europe by
the crusaders. Later, Napoleon’s soldiers contracted the
so-called “Egyptian ophthalmia” and brought this dis-
ease back to continental Europe. Since Halbertsaedter
and von Prowazek and others described “ophthalmia
neonatorum” (4, 5), it became apparent that trachoma,
inclusion body conjunctivitis of the newborn and an
infection of the adult genital tract were caused by relat-
ed infectious agents passing bacterial filters (4, 5).
Initially, due to their inability to grow on agar or in medi-
um, they were mistaken as viruses. The disease caused
by these infectious agents used to be common in Europe
and North America. Many of the eye hospitals founded in
these regions in the 19th century were established
specifically for the treatment of trachoma. The conta-
gious nature of the disease was recognized long before
the cause was identified. Immigrants to the USA were
routinely screened for trachoma on arrival in New York,
and sent back to Europe if they had it. 
Trachoma was a notifiable disease, subject to quaran-
tine, in many European countries. During World War I the
Austro-Hungarian Army decided to concentrate all tra-
choma-infected soldiers into special battalions destined
to be deployed on the front-line in high mountain areas,
where air and climate were supposedly healthier and the
risk of spreading of the illness was much lower. They
were obliged to remain in their positions all year long,
and not allowed to go to the rear for any reason. They
were “condemned” to live and die in the trenches. Not
even those who were seriously ill were allowed to leave
the front; doctors were supposed to go and treat them
there. As living standards improved in industrialized
countries in the 20th century, trachoma disappeared.
The last trachoma isolation hospital in the UK closed in
1947 (6). In poor communities in many less developed
countries, however, trachoma remains endemic. It ranks
in the top three causes of blindness worldwide. Already
in 1934 Thygeson noticed the similarity of the develop-
ment and morphology of the inclusions present in tra-
choma, inclusion body conjunctivitis and psittacosis.
After many attempts T’ang and coworkers (7) succeeded
in cultivating trachoma in chicken embryo yolk sac.
PSITTACOSIS: EARLY DESCRIPTIONS
It is assumed that the origin of psittacosis is in South
America, where the rain forests are populated with many
species of psittacine birds. Aboriginal tribes were fond of
these birds and used their feathers as parts of their cer-
emonial clothing. Other psittacine birds were kept as
pets in aboriginal villages (8, 9). Close contact with
psittacine birds and their products might lead to a dis-
ease which was described by Fra Bartolomeo, a
Dominican sent to Peru in 1615, as “a pest which is char-
acterized by fever, malaise and drowsiness mainly
3Drugs of Today  2009, 45(Suppl. B)
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Figure 3. From left to right: Stanislaus von Prowazek, Ludwig
Halberstädter and an animal care taker performing transmis-
sion experiments in Java.
          
  
  
  
  
  
  
      
  
  
  
  
  
  
  
  
  
  
  
   
  
  
Figure 4. Dr. Jakob Ritter, general practitioner in Uster,
Switzerland, who first scientifically described the spontaneous
transmission of psittacosis from birds to humans.
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occurred in the cold months, it affects and kills predom-
inantly females especially pregnant ones” (8).
Jakob Ritter a physician in the Swiss city of Uster, near
Zurich, published in 1879 the first detailed description of
the disease (Fig. 4). He recognized that freshly imported
birds were the source of infection. Ritter describes in
detail an epidemic of seven cases with three casualties
caused by parrots and finches caged in the study in his
brother’s house. Ritter considered the birds as vectors,
the incubation period and the nontransmissibility from
man to man. Ritter’s main diagnosis was pneumonia and
his differential diagnosis was typhoid or typhus. He
named the disease pneumotyphus. Later, in 1880, Ritter
submitted the report as his thesis (Fig. 5) to the Medical
Faculty of the University of Zurich. The term psittacosis is
derived from the Greek word for parrot and was for the
first time applied in 1895 by Morange (10). Later, in 1893,
Edmond Nocard isolated a Gram-negative bacterium
from the bone marrow of parrots dying of psittacosis
(Bacillus psittacosis). This organism was later not consis-
tently isolated from human or avian patients and was
later recognized as Salmonella (11, 12). These findings
prompted the idea that as in trachoma, the agent causing
psittacosis could be a virus. Other birds were also suscep-
tible, and it was shown that finches (Fringillidae and
Ploceidae) were infected from parrots in pet shops and
that they developed a generalized fatal disease (13, 14).
Several small endemic outbreaks in different countries
occurred and were reported over the following decades,
such as in Paris, France in 1892–1896 (15) and in Zuelpich,
Germany in 1909 (16). Almost at the same time, during the
last months of 1929 and 1930, an epidemic of psittacosis
occurred, especially in Europe and the Americas, and was
somewhat overexaggerated by the media and called a
pandemic. This epidemic was undoubtedly much more
serious than the ones previously reported. As with the
other previous incidents, it occurred as small outbreaks
among, for example, members of a family who had con-
tact with infected parrots that were freshly imported from
South America. Worldwide there were a total of 766 cases
with 112 fatalities, with the majority of cases reported from
Germany (215 cases), Argentina (180 cases), USA (169
cases) and the United Kingdom (125 cases) (Fig. 6) (17).
The course of the pandemic was reviewed by a report from
Elkeles and Barros (18). Gerhard Elkeles at that time was
the Director of the Diagnostic Institute Berlin-Westend
and Enrique Barros was an Argentinian medical doctor
having worked for 8 years in Freiburg, Germany. The reac-
tion of the national authorities in several countries fol-
lowed immediately and the import of psittacine birds was
prohibited. The epidemic stimulated again the research
into the nature of psittacosis. 
In 1930 Levinthal, Coles and Lillie independently
described small, filterable bodies in blood and tissue
samples from infected birds and human patients. Their
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Figure 6. Psittacosis endemic 1929-1930, geographic distribu-
tion of victims and fatalities based on the Monthly
Epidemiologic Report of the Health Section of the Secretariat of
the League of Nations (17).
Figure 5. Title page of Jakob Ritter’s thesis to obtain the title of
Doctor of Medicine at the Medical Faculty, University of Zurich,
Switzerland.
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separate manuscripts were published within 6 weeks of
each other in different journals. In recognition of this fact
they were called Levinthal-Coles-Lilly (L.C.L.) bodies
(19). Only in 1932, Samuel P. Bedson and his coworker
J.O.W. Bland for the first time recognized and described
the biphasic intracellular developmental cycle of psitta-
cosis from an “initial body” to an “elementary body”, a
term used for the first time in this manuscript. Bedson
and Bland called the agent “an obligate intracellular
parasite with bacterial affinities” (20). Several years
later, Frank Macfarlane Burnett and Phyllis Rountree (21)
and a German group (22) for the first time successfully
grew the agent of psittacosis on the chorioallantoic
membrane of embryonated chicken eggs. Later
Yanamura and Meyer (23) cultivated the psittacosis
agent in the yolk sac of chicken eggs.
Between 1930 and 1938, 174 cases of human psittacosis
were reported from the Faroe Islands (24) with a rate of
human fatalities of 20%, especially high (80%) in preg-
nant women. Experimental work confirmed that the dis-
ease was transmitted to humans when juvenile fulmars
(Fulmarus glacialis) were caught and prepared for cook-
ing (25). After the outbreaks in the 1930s, hunting ful-
mars for human consumption was prohibited until 1954,
and data on chlamydophilosis have been scarce (26).
Already in 1934 Thygeson noted the morphological and
developmental similarities of inclusions observed in psit-
tacosis and trachoma. Additional evidence for the rela-
tion between trachoma, psittacosis, inclusion-body con-
junctivitis and mouse pneumonitis was raised by the
detection of a common complement-fixing antigen (27).
The data published by these authors finally ranked psit-
tacosis among the chlamydial diseases.
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